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NATIONAL BUREAU OF STANDARDS 
The National Bureau of Standards' was established by an act of Congress March 3, 
1901. Today, in addition to serving as the Nation's central measurement laboratory, 
the Bureau is a principal focal point in the Federal Government for assuring maxi- 
mum application of the physical and engineering sciences to the advancement of tech- 
nology in industry and commerce. To this end the Bureau conducts research and 
provides central national services in three broad program areas and provides cen- 
tral national services in a fourth. These are: (1) basic measurements and standards, 
(2) materials measurements and standards, (3) technological measurements and 
standards, and (4) transfer of technology. 
The Bureau comprises the Institute for Basic Standards, the Institute for Materials 
Research, the Institute for Applied Technology, and the Center for Radiation Research. 
THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the 
United States of a complete and consistent system of physical measurement, coor- 
dinates that system with the measurement systems of other nations, and furnishes 
essential services leading to accurate and uniform physical measurements throughout 
the Nation's scientific community, industry, and commerce. The Institute consists 
of an Office of Standard Reference Data and a group of divisions organized by the 
following areas of science and engineering : 

Applied Mathematics-Electricity-Metrology-M~hanic~Heat-Atomic Phys- 
ics-Cryogenics2-Radio Physics'-Radio Engineering'--Astrophysics'-Time 
and Frequency.' 

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research lead- 
ing to methods, standards of measurement, and data needed by industry, commerce, 
educational institutions, and government. The Institute also provides advisory and 
research services to other government agencies. The Institute consists of an Office of 
Standard Reference Materials and a group of divisions organized by the following 
areas of materials research : 

Analytical Chemistry-Polymcrs-Metallurgy - Inorganic Materials - Physical 
I) Chemistry. 

THE INSTITUTE FOR APPLIED TECHNOLOGY provides for the creation of appro- 
priate opportunities for the use and application of technology within the Federal Gov- 
ernment and within the civilian sector of American industry. The primary functions 
of the Institute may be broadly classified as programs relating to technological meas- 
urements and standards and techniques for the transfer of technology. The Institute 
consists of a Clearinghouse for Scientific and Technical Information: a Center for 
Computer Sciences and Technology, and a group of technical divisions and offices 
organized by the following fields of technology : 

Building Research-Electronic Instrumentation - Technical Analysis - Product 
Evaluation-Invention and Innovation- Weights and Measures - Engineering 
Standards-Vehicle Systems Research. 

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, 
and application of radiation to the solution of Bureau mission problems and the 
problems of other agencies and institutions. The Center for Radiation Research con- 
sists of the following divisions : 

a 

Reactor Radiation-Linac Radiation-Applied Radiation-Nuclear Radiation. 
* Headquarters and Laboratories a t  Gaithersburg, Maryland, unless otherwise noted : maiiing address Washington. D. C. 20234. 

Located a t  Boulder, Colorado 80302. 
Located a t  5285 Port Royal Road, Springfield, Virginia 22151. 
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COMPUTER PROGRAMS FOR SATURATION PROPEBTIES OF HYDROGEN 

R, D, McCarty 

The pressure, temperature and enthalpy of saturated 
l iqu id  and vapor parahydrogen a r e  presented i n  the  
form of two computer programs. 
routines and those i n  NBS Report 9288, "Computer 
Programs f o r  Thermodynamic and Transport Properties 
of Hydrogen," August 18, 1967, it i s  possible t o  
obtain values of the  saturated l iqu id  and the 
saturated vapor fo r  a l l  of the properties given i n  
NBS Report 9288 (density, entropy, thermal conduc- 
t i v i t y ,  viscosi ty ,  spec i f ic  heat and sound veloci ty)  , 

With these two 

Key words: Computer program, density, entropy, 
hydrogen, pressure, saturation, sound veloci ty ,  
spec i f ic  heat ,  temperature, thermal conductivity. 

1.0 INTRODUCTION 

Since the issuance of NBS Report 9288 it has become apparent 

from user react ion tha t  Tn many applications it i s  necessary t o  obtain 

saturat ion values of the  property i n  question. The purpose of t h i s  

supplement is  t o  provide the mechanism by which these values may be 

obtained in  the most accurate and convenient manner. 

2.0 TWO-PHASE REGION 

The input var iables  t o  the  property codes i n  NBS Report 9288 

(hereaf ter  referred t o  as the 9288 codes) are e i the r  pressure and 

temperature or  pressure and enthalpy. I n  the  case of the  P-T input, 
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Figure 1. P-T Phase Diagram fo r  Parahydrogen 
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the phase diagram i n  figure 1 shows the liquid-vapor coexistence region 

and the solid-liquid coexistence region as l i nes ,  which makes it Imposs- 

i b l e  t o  pick a P-T input which w i l l  place the coordinates inside a two- 

phase region. However, t h i s  is  not the case fo r  the P-H input. A l l  of 

the P-H points inside the shaded area i n  f igure 2 a re  i n  the region of 

liquid-vapor coexistence. 

shown because of the  special  handling of' t h i s  region by the  9288 codes. 

(See page 5 of the NBS Report 9288.) 

The solid-liquid coexistence region is  not 

When any of the 9288 codes a re  

entered with a P-H pa i r  f romthe  shaded area i n  f igu;e  2, a value of the 

property i n  question i s  returned according t o  the discussion on pages 

5 - 7 of NBS Report 9288, and a l so  the users note dated 22 k r c h  1968. 
There i s  no bui l t - in  warning i n  any of the 9288 codes t e l l i n g  the user 

t ha t  he i s  i n  the liquid-vapor two-phase region. 

has t o  be aware of what conditions he is  trying t o  process. In  applica- 

t ions where it is  important t o  know when a par t icular  P-H c a l l  i s  i n  the  

The value of 

This means the  user 
39 

B two-phase region, a c a l l ,  T = PEITEsIp(P,H,Q), is  suggested. 

Q 

P-H input i s  i n  the liquid-vapor coexistence region. 

defined as  the percent (by mass) of the vapor phase present. 

of NBS Report 9288 f o r  definit ions of 

t ha t  is  returned has t o  be checked, and if Q i s  0 < Q < 1  then the  

Q is  the quali ty,  

See page 8 
Q i n  other regions. 

3 .o PROGRAMS 

The two function programs PSATH(P,HG,HL) and TSATH(T,HG,BL) 

allow e i ther  a temperature o r  pressure input. The f irst  l e t t e r  of each 

function is  the input variable which i s  repeated as the f irst  argument. 

The other two arguments a re  output arguments and a re  the enthalpy of the 

saturated vapor and the enthalpy of the saturated l iquid,  respectively. 

The value of the function returned is e i the r  the pressure of the satu- 

rated l i qu id  o r  t he  temperature of the saturated l i qu id  depending upon 

which was an input variable,  i . e .  , PSATH( P,HG,HL) returns the temperature 

of the saturated l i qu id  for  an input pressure, and TSATH(T,HG,HL) returns 

the pressure of the saturated l iqu id  f o r  an input temperature. 
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If e i the r  program i s  entered with a value outside the pressure or  
temperature range of the saturat ion curve, the variable is  s e t  t o  the 

nearest end point of the curve. 

t i on  curve. 

Figure 2 shows end points of P-T satura- 

Each program occupies 236 octal  locations.  

4.0 TWO-PHASE PROPERTIES 

To obtain e i the r  the value of a property for the  saturated l i qu id  

or the  saturated vapor, the scheme i n  tab le  1 should be followed. 

Briefly, t h i s  means i f  you want the enthalpy of a phase boundary, a 

single c a l l  w i l l  suf f ice .  If you want the value of another property, 

you must f i r s t  f ind  the corresponding enthalpy and then make a second 

c a l l  t o  f ind  the value of the property you want. 

codes should always be used t o  obtain saturation values. The P-T input 

codes w i l l  give answers i n  e i ther  the l i qu id  o r  the  vapor regions close 

t o  the saturat ion curve, but i n  many instances they w i l l  not be as  accu- 

r a t e  as values obtained from a P-H call, and there is no way of predict- 

ing which s ide of the boundary ( l iqu id  or  vapor) w i l l  be returned. 

The P-H input 9288 

* 

(I 

4.1 Errors 

The deviation p lo ts  i n  Report 9288 are  applicable t o  the properties 

obtained i n  the  manner outlined here. 

4.2 Data 

The sources of data f o r  the interpolation grids are  reported i n  

NBS Report 9288. 

properties, i . e . ,  viscosi ty ,  thermal conductivity, and specif ic  heats,  

the returned values should be considered t o  be the value of the property 

I n  the case of saturation values for  the transport  

as the saturat ion boundary i s  approached from the  single-phase side.  
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PROGRAM LISTINGS CDC 3600 
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APPENDIX 2. 

PROGRAM LISTINGS IBM 
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